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Summary. This is the first study which describes the 
innervation of some eyelid structures, such as the glands 
of Moll and the glands of Zeiss. It is also the first to 
investigate the innervation pattern of the eyelid as a 
whole. We have studied the acetylcholinesterase-positive 
and paraformaldehyde-induced-fluorescence-positive 
(FIF+) innervation pattern of the different structures that 
constitute the upper eyelid of the sheep. There is 
widespread acetylcholinesterase-positive innervation in 
the epithelium, but not such an abundant FIF+ 
innervation. Both types of innervation are represented in 
the connective tissue by trunks or fibers that are 
distributed towards the different structures immersed 
within them. In the glands of Zeiss, cholinesterase- 
positive innervation is much more widespread than FIF 
innervation. On the contrary, the glands of Moll present 
denser FIF+ innervation than acetylcholinesterase- 
positive innervation. The Meibomian glands and the 
lachrymal glands show a rich acetylcholinesterase- 
positive and FIF+ innervation. Eyelid muscle 
innervation is mainly acetylcholinesterase-positive. In 
the conjunctive membrane there is no 
acetylcholinesterase-positive innervation, and only 
scarce FIF+ fibers can be demonstrated. 
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lntroduction 

Several descriptions have been published regarding 
the innervation of specific structures of the eyelid in 
several species of mammals such as the Guinea pig, cat, 
rabbit and monkey (Nikkinen et al., 1984; Hiramoto et 
al., 1995; Chung et al., 1996; Kirch et al., 1996; Seifert 
and Spitznas, 1996; Van der Werf et al., 1997), although 
there has been only one in sheep (Yamanohi and 

Offprint requests to: Dr. J. Aisa, Departamento de Ciencias 
Morfológicas, Facultad de Medicina, C/ Domingo Miral s/n., 50009 
Zaragoza, Spain. Fax: 976761 754. e.mail: mlahozg@posta.unizar.es 

Burnstock, 1967), exclusively focused on the innervation 
of the lachrymal gland. There are also severa1 
electrophysiological studies (Krizsan-Agbas et al., 1998; 
Beuregard and Smith, 1994). Most of the morphological 
studies were carried out by means of optic microscopy, 
using histochemical and immunohistochemical 
techniques to study catecholaminergic and peptidergic 
innervation. There are also some reports with electron 
microscopy (Hiramoto et al., 1995; Chung et al., 1996; 
Kirch et al., 1996; Seifert and Spitznas, 1996). However, 
exhaustive knowledge of the innervation pattern of the 
different components of the upper eyelid in mammals is 
still needed. 

The sympathetic and parasympathetic innervation of 
the lachrymal gland has been investigated (Arenson and 
Wilson, 1970, 1971; Botelho et al., 1973). Some electro- 
physiological and pharmacological studies have also 
been performed on the neurological regulation of the 
lachrymal flow (Botelho et al., 1976; Aberg et al., 1979). 
During the 80s there were more reports on lachrymal 
gland innervation and physiology (Pholpramood and 
Tangkrisanaviront, 1983; Tangkrisanaviront, 1984; 
Bomberg et al., 1989). Mircheff (1989) reported that the 
rate of lachrymal gland fluid secretion was principally 
controlled by parasympathetic innervation, and was 
modulated by sympathetic innervation (Botelho et al., 
1966). Walcott et al. (1989) described the presence of an 
extensive acetylcholinesterase-positive network 
throughout the lachrymal gland. Powell and Martin 
(1989) studied the distribution of cholinergic and 
adrenergic nerve fibers in the lachrymal gland in dogs, 
finding a loose network of adrenergic nerves throughout 
the interstitium around acini and blood vessels and 
vessel walls. Dartt et al. (1985) demonstrated that 
cholinergic agonists stimulate lachrymal gland protein 
secretion primarily by mobilizing c a 2 +  from 
intracellular stores. 

The  relationship among sympathetic,  para- 
sympathetic and sensorial innervation of the anterior eye 
segment has been studied by Ten-Tusscher et al. (1989) 
by means of ( 3 ~ ) l e u c i n e  injection into the superior 
cervical ganglion. They found bundles of sympathetic 




















